Evaluation of GEOS-5 PBL and Aerosols During DISCOVER-AQ
Arlindo da Silva*?, V. Buchard-Marchant'3, P. Colarco?!, A. Darmenov'>, P. Guptal3, C. Randles'4, R. Govindaradju'>, R. Ferrare?, B. Holben?, |. Slutsker'® 0 ER'A@

(*) , (1) NASA/Goddard Space Flight Center, (2) NASA/LARC, (3) USRA/GESTAR, (4) MSU/GESTAR, (5) SSAI, (6) SSC

GEOQS-5 is the latest version of the NASA Global Modeling and Initial evaluation of the NRT GEQS-5 indicated a very deep PBL GEOS-5 Extinction Profiles have been simulated for all HSRL Flights GEOS-5 derived Aerosol Optical Depth (AOD) has been interpolated for We have evaluated the GEOS-5 derived PM 2.5 surface concentrations
Assimilation Office (GMAOQ) earth system model. GEOS-5 contains I e— B 2033 saren 5720 Extinion an ZOLEOTTE o R each of the 17 AERONET “DRAGON" stations. GEOS-5 is able to at 4 MDE stations (Beltsville, Edgewood, Fairhill and Old Town.)
components for atmospheric circulation and composition (including | [ = GE0s s oraman] | | ’ : capture the day-to-day variability in AOD, in somewhat mimics the GEOS-5 is able to capture the day-to-day variability in PM 2.5,
data assimilation), ocean circulation and biogeochemistry, and land | | N . SHELL . modest diurnal cycle: although it tends to underestimate by ~30%. GEOS-5 also tend to have
surface processes. In addition to traditional meteorological _ . g5 g R Al Dragon Stes - DISCOVERAQ Gy 2001 a more active diurnal cycle. Carbonaceous aerosols were the main

3 5 3 2500l ’ 2 4 E 4 " o—o AERONET ‘ ‘ ‘ ' ' 3 3
parameters, GEOS-5 includes modules representing the atmospheric o | g N contributors to the PM 2.5 concentrations reported by GEOS-5
composition, most notably aerosols and tropospheric/stratospheric - | | ) _ 2 . | o
. . . . . . 1500 |- e JUUFURRRRRUR SUSPRRR 0.0000006 t ] 0.02 0.02
chemical constituents, taking explicit account of the impact of these | | ’ ' ' § 1 ' “m !'I“ ol | | M o AIMDEStes DiscoVERAQ (uy 201 o AIME Stes - DiScOVERAQ iy 2013
constituents on the radiative processes of the atmosphere. | ‘ ' ooy sy 1 001 o ) (Hoigssmm Soase Mool —~ ol | — Geoss, 1 1= s
The overarching goal of DISCOVER-AQ is to better understand the e v, @ }
. 0 500 1000 1500 2000 2500 3000 3500 4000 ) 02f it : b
processes that relate column averaged measurements of atmospher]c HSRL (Best) GEOS-5 Aerosol 532nm Extinction on 2011-07-05 0.40 HSRL Aerosol 532nm Extinction on 2011-07-05 0.40 =l | e % 157MW,
constituents by satellites to near surface air-quality parameters. While .. : : , ) R N W R S ) m
o : . . Examining flux tower measurements at Beltsville exposed a problem in .
statistical methods can provide useful co-relative information on the . ) of 6
: NI ) L : GEOS-5 sensible and latent heat fluxes: =8 = | ‘ : s
subject, assimilation of satellite observations into comprehensive = £ ! 0 £ b ¢t basis. GEOS-5 tend t d VAS AN el e W70 —
earth System models holds the promise to unravel the mechanisms 600 'FluxTowerat Beltsville (J‘uly 2011) . 600 O'riginal GEOS-5 at Beltsville (July 2011)' :i:_’:"3_. 008 53 “‘ "‘," 004 n .a measuremen y measur?men aS]S, = en O un er 0 5 0 l‘sDay 50 55 36 0, + 1'0H0ur(UTO 15 >5
involved =l . ‘ | ) ) ﬁlg ﬁﬁ F estimate AOD, more so in earlier part of day.
In this study we use measurements collected during DISCOVER-AQ 0 0 N On a station by station basis, GEOS-5 daily mean estimates are highly
. . . oy e 140 145 150 155 16.0 16.5 17.0 0.01 140 145 150 155 16.0 K 0. 0.99 All Dragon Sites - DISCOVER-AQ (July 2011) 0.99 _All Dragon Sites - Daily Means (uly 2011) . .
to evaluate the GEOS-5 vertical structure of aerosol extinction. Initial . . Time (Hours UT0) Time ttewrs 010 j | correlated with the independent measurements:
diagnostic of the NRT GEOS-5 indicated an overly deep Planetary : : E05.5 Aerosol 532 Extinction on 20110711 m 040 o o =0 7 w b -

Boundary Layer (PBL) height, tracing back to a precipitation deficit in j 025 8 025 e O Y 4 N PRSI DA e QN R, s

the preceding season, leading to a hot and dry land surface. , NG . 6 ! 016 el A ] .
Correcting the soil moisture and prescribing observed precipitation : H | . . . . £ 2 - [T ;ﬁ b 'e i H ol ” | e
. . Hour (UTC ° ° Chowrwrar @ 5° > ‘ 2 O i | 30 o2 5 5
improved the Bowen ratio and lead to better near-surface o g, v 5. ‘  ji! . o
. . . . . . . . . . 2 P N B T T e T e ‘ 1 0.0; H H H H H L 0.00 0.0 i ] i - i i 0.0 :‘ i 0.0045
temperature, PBL height and aerosol vertical distributions. Single-column experiments and further diagnostics pointed us towards 5 A N T | LT nl!’ﬁ{",!gmall SR WOl b v e i T ok e o i
a dry land in response to a precipitation deficit in the Spring: © e— St 21) —— . LR R R ' | ==
GEOS-5 at a Glance CPC 0.25d daily— gauge data AMJ» 2011 raT:nL» - o e571p1_fp - CPC fauge data AM»J 2011 ‘r‘a—‘lr;fallyb . SR 001 There iS a relatively small Change in the GEOS'5 among the different 0 I l ‘ l ‘ .
RP— — . % o Q ol e o LR oﬁ-ﬁ@ Q ¢ %QJ GEOS 5 Aerosol 532 Extinction on 2011.07.14 g 040 HSRL Aerosol 532nm Extinction on 2011.07-14 g 040 DRAGON station, all of the suggesting underestimation around 0.3.
Advection (© FVDynamics =T A : : : . " T [ e ] N S, T ; dorr ¢ 0.25 ¢ 0.25 _
o, « 450 7 7 7 O
"""" s convecton ... , _ _ Concluding Remarks
""""" 6 Dragon Site BOWEM (July 2011) Dragon Site ANNEA (July 2011)
o Locke Turbulence . - 0.99 0.99
....... AE‘S ES 120 H 0.72
o rog Clouds®«, :4 X 060l ; Los 060l ; | . .

R cm:mfnmd [ frstes F LY "L £ We have evaluated aerosols and PBL heights using data collected
P pescrbedssTjseice || S N | N J5 ' o N S | ) | i 0ot : . during the DISCOVER-AQ campaign. Despite the relatively coarse
. "‘ Chou/Suarez Radiation E * : SN B . B 5 : g L 0.0 u: 021 ; 021 X ] ; .

B “pust W E odl pv— & ‘ V7 & ‘ V2 1 0.02 i1 resolution of GEQOS-5 (~25 km) it is able to faithfully capture the
* e * > orecast Mode ata Assimilation |® e Yy : N 0 o L a5 o 0.32 . . . .

s, S \ ﬁ e e : T T B o 001 Ies 370 3 ta0 daa 100 105 0on vertical structure and day-to-day variations in AOD and PM 2.5,

*+, Carbonaceous ‘e * . Time (Hours UTC 0.30

N ‘e N 4 *, w 0.04} 0.04} e i i i i

SO4 '\ ..... GOCART ‘ .",‘:a: GEOS 5 \‘ Prescr]b‘lng Observed prec]p]tatlon and Start]ng from a rev]sed land - 0.15 0.08 although ]t generally underest]mates ]ts magn]tUde. Although MODIS

S02 e, y, o ‘ ‘ ‘ ‘ ‘ [ | o ‘ . ‘ ‘ : ‘ oo . . . . . . . op e .

oms ‘ Sulfatés...‘. AeroChem \7 77\N Surface -In-lt-lal Cond-lt-lon (from MERRA) had a pOS-It-Ive ]mpact. 0.5 Aerosol S3mm Extinction on 2011.07.20 a0 AL Aerosol S32mm Extinction o 20110729 a0 602 008 0.07 A%}{?)NE$3; 036 060 099 602 004 007 :é}(SONFOFIZTin 036 060 0. AOD ]S be]ng aSS]m]lated, the tW]Ce da]ly data ava]lab]l]ty ]S nOt

‘. Atmospheric DAS 1~ 1
A p — S T \ . . s sufficient to constrain the model throughout the rest the day.
o | N = ol = | | ] = 2582??225’.2‘3? . 06 . R . . W ERRERN & PBL height data from HSRL has been crucial for diagnosing issues
RaTs | | g gs "M WM W T IN. with the land surface in the NRT GEOS-5 system. The remaining
= = = g ¥ ,‘M N‘ B h overestimation of PBL heights can in part explain biases in PM 2.5.
Aerosol Data Assimilation 118 LWtV R iWW NI AR | . NN N »
200 11 : : : : 0.02 1 A ' i by | 0.02 60 ; ; ’ 0.32 & 0 ; . : :
g S j E § "" _ : ihﬂ ‘ u') h’ . Il - | . | ‘ | . m
D FOCUS on NASA EOS D The GEOS_S AerOSOI 1001 Lor 19.5 20.0 205 Tirile.?HouzriﬁTc)zz.o 225 23.0 0.01 19.5 20.0 20.5 Tléle'(()Hoqusl‘STC)zz'o 225 23.0 0.01 ooal ; ‘ z:: ooal ‘ : | Z: ] o ] ] ] ]
Instruments Assimilation System (GAAS) o | — ol M AR The following activities are being considered for extending this work:
ingests NRT radiances from . . H H ) i . RN e . fe i ; ; .
MODIS on Aqua/Terra e T Each of these profiles have been interpolated to the HSRL in time and Further analysis including airborne, sondes and ground-based LIDAR
platforms R . space from GEOS-5 3-hourly extinction profiles. s __Drason e UNES Gl 201 v Dragen e w2611 measurements.
PBL Height (UC-12, July 2011 PBL Height (UC-12, July 2011 s 09 . ) .
O Measurements are N T I I N o - GEOS-5 is able to capture the day-to-day variability in aerosol 1 B Extend GEOS-5 OMI simulator for ACAM data.
£ calibrated and bias ST W — e 0 I S B o —a— extinction e B g’ - Evaluate GEOS-5 derived CO and SO,
et —— corrected using historical ay - 2 090 RN 06 ) o , — e N . : . . .
O Global, high resolution AOD AERONET in-situ pol e SO | S — .. « GEOS-5 derived extinctions are generally smaller than HSRL’s . | Cosl e N * Revision of the GEOS-5 anthropogenic emissions which now consists
analysis E : 073 z ; 03 > los : s -of- ; :
i m?asureme”ts as : | IR e e . « GEOS-5 successfully captures aerosol layer above PBL on the 11th norl T 02 S e of out-of-date annual mean inventories.
rererence. a - s : i ; : : g i : ‘ : : : 02 .. . . . .
® 3D increments by means of g —— 5 .. . ‘e avi ; v T 11 s » Assimilation of GOES derived AOD retrievals in order better
Laglranrgian diSplgcement ensembles O OMI UV aerosol index are ol i “ e ol RN | e There. is evidence of exgesswe mixing at the b.egmmng and end of oy 0 N N N R N W, - . train GEOS-5. J. Stehr (AGU 11 talk) h h that GOES AOD
O GEOS-5 is driven by NRT simulated using a detailed N 030 _ a o o the flight on 5%, suggesting too much convective transport. SO o, T SO o, T cons ralr ; "J. d ehr ( L aDI)SC?)SVSERO\Xn a
- issi i adiative transfer calculation - 5| A o . L retrievals performed very well durin -AQ.
plomass emissions derived B fa o e o o || M «  GEOS-5 extinction tend to peak at top of PBL, while HSRL indicates Aot pertormed rly . 10kg N Q o _
Power. T 15 7o 75 S0 o og5 o5 1o 15 7575 50 o a more uniform mixing in PBL on the 11t and 29". . igher resolution simulation (~10km) using the non-hydrostatic
HERL (Best ki HERL (Beat ki GEOS-5 on the cubed-sphere.




